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1 Introduction

RAN Plenary#83 approved work item “Support of NR Industrial Internet of Things (NR_IIOT) which is targeted to specify techniques to support PDCP duplication with higher reliability and/or better efficiency, intra-UE prioritization/multiplexing, and mechanisms catering for TSN traffics [1].  
The detailed objectives for NR PDCP duplication enhancements are:

· Specify PDCP duplication with up to 4 RLC entities configured by RRC in architectural combinations including CA only and NR-DC in combination with CA [RAN2, RAN3].
· Specify mechanisms relating to dynamic control of how a set or subset of configured RLC entities or legs are used for PDCP duplication [RAN2, RAN3].
· Specify enhancements for more resource efficient PDCP duplication by enhancing PDCP duplication activation/deactivation mechanisms (e.g. MAC CE based or based on UE configurable criteria), provided that complexity increase is reasonable. Per-packet selective duplication can also be considered. [RAN2].

· Specify enhancements for more efficient DL PDCP duplication without impacting the UE, provided that gains can be confirmed with a reasonable complexity. [RAN3].
· Specify enhancements to address potential impacts of higher-layer multi-connectivity based on SA2 progress and request [RAN2, RAN3].

In this paper, we propose a resource efficient PDCP duplication approach. This attempts to achieve the objective of higher reliability and better efficiency with saving of radio resources. Selective duplication is achieved with ensuring transmission of only needed duplicate packets.
2 Discussion
2.1 Resource efficient PDCP duplication
In order to achieve latency and reliability targets for NR Industrial IoT applications, PDCP duplication can be applied. However, it leads to significant transmission resource requirements. This may also turn out to be redundant particularly when the channel loss is limited. One of the drawback is the inability to get rid of redundant transmission or retransmissions at RLC layers (legs) when one of the other RLC legs have achieved successful transmission of same PDCP packet. This is due to inherent deficiency of the legacy behavior that implies a RLC SDU cannot be discarded in case the pertinent SDU or a segment thereof is already submitted for transmission [2] as specified in table below. In this case transmitting RLC needs to undertake unnecessary transmissions or retransmissions. The burden could be drastic particularly for NR-IIoT applications as up to four copies of each PDCP packet are involved for transmissions. Moreover, this further delays the transmission and delivery of the next-in-line PDCP PDU. 
	5.4            SDU discard procedures
When indicated from upper layer (i.e. PDCP) to discard a particular RLC SDU, the transmitting side of an AM RLC entity or the transmitting UM RLC entity shall discard the indicated RLC SDU, if neither the RLC SDU nor a segment thereof has been submitted to the lower layers. The transmitting side of an AM RLC entity shall not introduce an RLC SN gap when discarding an RLC SDU.


Figure 1 depicts the problem scenario. As shown, PDCP sends the duplicate packet #1 to both RLC-1 and RLC-2 at the transmitter. Assuming only RLC-1 got ACK for the packet transmitted; packet #1 will be in the transmission buffer of RLC-2. When PDCP sends packet #2, it will be queued up in the transmission buffer of RLC-2 due to the pending transmission of packet #1. This will impact the overall performance of RLC-2 over time and reduce the intended benefits of packet duplication. As the packets are submitted to lower layers, the Tx entity will attempt further (re-) transmissions through RLC-2 even though ACK is received on RLC-1. This may increase the active period of the device and in turn, increase power consumption. Since the PDCP duplication issue is more prominent for low latency, low power applications, there is a need to get rid of unnecessary transmissions or retransmission and conserve the resources. 
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Figure 1. Problem Scenario 

Observation 1. There is significant resource cost with the PDCP duplication operation for NR-IIoT applications which is generated due to redundant transmissions. 
To avoid and reduce the redundant transmissions, we can consider header-only packet in which data part of the RLC PDU is discarded. More specifically, when PDCP indicates discard of the same PDCP packet to other RLC entity (or entities) based on RLC ACK received on one of the RLC legs, RLC entity just discards only data part and sends the header-only packet (having sequence number, SN).
Peer RLC entity when receives header-only packet interprets discard of RLC Packet on transmitting RLC entity. As evident, there is no additional cost for signaling and interpretation of the discard at the peer entity is made automatically. There is no sequence number gap created. Both Tx RLC and Rx RLC entities carry out ARQ and reassembly operation smoothly and significant resource efficiency is achievable. In effect, a selective duplication is achieved with ensuring transmission of only needed duplicate packets.
 Observation 2. It is feasible to discard RLC SDUs including those SDUs and segments thereof that are already submitted for transmission and avoid redundant transmissions associated with PDCP duplication for NR-IIoT applications. 
Observation 3. There is no additional UE complexity at the UE Rx RLC entity or gNB Rx RLC to process the header only RLC packets.
Proposal1: RAN2 is requested to adopt the approach based on header-only RLC PDU transmission for resource efficient PDCP duplication.
3 Conclusion

Based on the above, RAN2 is requested to discuss the following observations and proposals
Observation 1. There is significant resource cost with the PDCP duplication operation for NR-IIoT applications which is generated due to redundant transmissions. 

Observation 2. It is feasible to discard RLC SDUs including those SDUs and segments thereof that are already submitted for transmission and avoid redundant transmissions associated with PDCP duplication for NR-IIoT applications. 

Observation 3. There is no additional UE complexity at the UE Rx RLC entity or gNB Rx RLC to process the header only RLC packets.

Proposal1: RAN2 is requested to adopt the approach based on header-only RLC PDU transmission for resource efficient PDCP duplication.
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